ABSTRACT BACKGROUND: Dental adhesives are believed to infl uence marginal adaptation and marginal discoloration when used under posterior resin-based composite restorations. Studies on the latest adhesive systems reveal that the group of the three-step etch-and-rinse adhesive (3-E&RA) and the one-step self-etch adhesive (1-SEA) have entirely different bonding mechanisms, as well as different bond strength and resistance to chemical, thermal and mechanical factors. STUDY OBJECTIVES: A hypothesis that a 1-SEA would result in greater enamel marginal discoloration and poorer marginal adaptation than a 3-E&RA was tested. MATERIAL AND METHODS: One hundred restorations were placed with a 1-SEA and 100 restorations with a 3-E&RA. Teeth were restored with Filtek Supreme nanofi lled resin-composite and were evaluated for marginal adaptation and marginal discoloration at baseline, and 6 months, 12 months, and 36 months postoperatively. RESULTS: The statistical analysis revealed signifi cant differences in marginal integrity between test groups. The 1-SEA resulted in greater enamel marginal discoloration and poorer marginal adaptation than the 3-E&RA at any recall time. CONCLUSIONS: Marginal adaptation and marginal discoloration depend on the type of dentin adhesive used. The restorations with Filtek Supreme and Scotchbond MP are better than the restorations with Adper Prompt L-Pop with regard to the marginal adaptation and marginal discoloration at 6-, 12-and 36-month evaluations.
tion zone corresponds to the monomer penetration depth. Adper Prompt L-Рop forms a hybrid layer that is very fi ne, barely visible, and heterogeneous. 2 This is probably due to oxygen inhibition of the polymerization of the monomers in the adhesive because of the thin smear layer and incomplete polymerization. 5 The limitations of the 1-SEA manifest themselves in several directions: hydrophilicity and instability in relation to diffusion processes (effect of the semi-permeable membrane); high solvent concentration (inadequate width of the hybrid zone and gaps formed by residual solvent); phase separation caused by a change in the monomer/ water ratio during solvent evaporation; interaction between the acidic components of the adhesive and the composite material initiator (weaker bond between them). 1, 2 It was this polarity in the properties of the 3-E&RA and 1-SEA systems that provoked our interest in conducting a longitudinal clinical study on class I and class II nanofi lled composite restorations with the Scotchbond Multi Purpose three-step system and the Adper Prompt L-Pop (3M ESPE) single-component adhesive.
STUDY OBJECTIVE
The hypothesis tested in our clinical study was that a 1-SEA would result in greater enamel marginal discoloration and poorer marginal adaptation than a 3-E&RA.
PATIENTS AND METHODS

SELECTION CRITERIA
The clinical study included 89 patients (43 males и 46 females, aged 20 to 35 years), who received a total of 200 restorations. Before participating in the study, patients signed a consent form. The consent form and research protocol were reviewed and approved by an institutional review board (Ethic Committee of Medical University -Plovdiv).
All participants required Class I and Class II restorations in molars and premolars, either
INTRODUCTION
Studies on the latest adhesive systems show that the group of the 3-E&RA and 1-SEA have entirely different bonding mechanisms as well as different bond strength and resistance to chemical, thermal and mechanical factors.
Scotchbond Multi Purpose is a three-step, ethanol-water-based adhesive system comprising phosphoric acid etchant, hydrophilic primer monomer and pH-neutral solvent-free hydrophobic adhesive. Considered "gold standard" for effi cient adhesion 1 , the 3-E&RA have overcome the shortcomings of the bonding systems which combine the second and third step of priming and bonding from the same group -the 2-E&RA. The latter systems have been found to exhibit incomplete evaporation of their solvents that become incorporated in the form of residual water within the collagen fi brils of dentin. The hybrid layer is thick at the expense of the solvent component (water), the bond strength being poor due to the hydrophilicity of the interdiffusion zone and its hydrolytic instability. 1 Scotchbond MP combines the application of a solvent-free bonding agent in the third step with formation of a hybrid zone thick enough to act like a "stress transformation layer". 2 A major disadvantage pointed out with this group of adhesives is the hydrolytic instability of the components of the hybrid layer -monomers of the adhesive and collagen fi brils. 1, 3 Adper Prompt L-Pop is a one-step self-etch adhesive, belonging to the group of "strong" systems. It owes its demineralization ability to the action of water-soluble methacrylated phosphoric acid-HEMA esters capable of dissolving the enamel and dentin surface. During the etching process, the pH of the phosphorus esters increases and causes a self-limiting effect of the demineralization process. The precipitates produced in the process become incorporated in the hybrid layer or evaporate when dried with a gentle airfl ow. 4 The monomers effectuating the etching are also responsible for the hybridization. The width of the demineraliza- for replacement of an existing restoration or for treatment of primary carious lesions. All patients demonstrated good oral hygiene and dental health status, except for ongoing restorative procedures in unrelated and unopposed quadrants. Box enumerates specifi c exclusion criteria. The teeth to be restored had a normal occlusal relationship with natural dentition and opposing and adjacent tooth contact.
The average facio-lingual width of each preparation was greater than or equal to one-third of the distance between the cusp tips. Further details on the patients and the teeth are given in Table 1. RESTORATIVE PROCEDURE Preoperative radiographs of the teeth to be restored were obtained. Operative procedures were performed 
Box. Patient exclusion criteria
√ → Fewer than 20 teeth; √ → Non-vital tooth; √ → History of tooth sensitivity; √ → Xerostomia or periodontal disease; √ → Bruxism; √ → Allergy to resin materials; √ → Inability to return for recall appointments; √ → Fractured or cracked teeth; √ → Subject in another ongoing clinical dentistry evaluation; √ → Subject receiving desensitizing therapy, including desensitizing dentifrices or other over-the-counter products; √ → Medical, psychiatric or pharmacotherapeutic history that might compromise the protocol, including the long-term use of anti-infl ammatory, analgesic and psychotropic drugs; √ → Pregnancy and breast-feeding; √ → Allergies and idiosyncratic responses to product ingredients; √ → Orthodontic appliance treatment within the previous three months; √ → Teeth restored in the preceding three months; √ → Abutment teeth used for fi xed or removable prostheses; √ → Teeth or supporting structures with any painful pathology; √ → Periodontal surgery within the previous three months; Folia Medica 2015; 57(3&4): 250-256 © 2015 Medical University, Plovdiv without local anesthesia. Operating sites were isolated with cotton rolls and aspiration. Cavity preparation for adhesive restoration was performed using rotary tools with water/air cooling. Cavo-surface angles of all restorations were entirely within enamel, without any intentional bevel. An appropriate matrix (Super Mat and Super Cap, KerrHawe, Switzerland) and wood wedges (Hawe Sycamore Interdental wedges, KerrHawe, Switzerland) to the cervical margins of Class II restorations were applied. All lesions were prepared, restored and fi nished by one experienced (NM) operator, who was familiar with adhesive dentistry and who followed the standard procedures and manufacturer's recommendation. The order of placement and selection of material to be placed were randomly allocated for each patient (Box. Patient exclusion criteria).
APPLICATION OF PRIMER AND ADHESIVE
The 1-SEA system tested was Adper Prompt L-Pop (3M ESPE, St. Paul, MN, USA ) and the 3-E&RA system was Scotchbond MultiPurpose (3M ESPE, St. Paul, MN, USA). Both adhesives were combined with the nanofi lled resin-composite Filtek Supreme (3M ESPE, St. Paul, MN, USA). To minimize the possible effects of patient-related factors, no more than three restorations per patient were allowed for each adhesive system. The adhesives were used in accordance with the manufacturer's instructions ( Table 2 ). The resin-composite was applied in 2-4 increments and light-cured for 40 sec/increment (Optilux, USA, 600mW/cm²). The restorations were fi nished directly under water spray cooling with fl ame diamond burs (Komet, № 859 EF.314.014) and, fi nally, polished with Soft-Lex disc system (3M ESPE, St. Paul, MN, USA).
CLINICAL EVALUATION CRITERIA Evaluation of marginal adaptation and marginal discoloration.
The restorations were examined at baseline and after 6, 12 and 36 months. All restorations were evaluated according to USPHS criteria. The variables evaluated were marginal adaptation and marginal discoloration. Marginal discoloration was evaluated by visual inspection with a mirror according to this scale: A -no discoloration anywhere along the margin; B -superfi cial staining (removable, Table 3 shows the longitudinal comparative clinical characteristics of the restorations that received maximum scores (Alfa).
Statistically signifi cant changes in the marginal discoloration of the restorations were observed in the group of the 1-SEA as early as 6 months (p = 0.00) as compared to the baseline score. The marginal discoloration of the restorations at the 12-month follow-up was statistically insignifi cant, compared to the 6-month score (p = 0.05). After a three-year function, the restorations performed with Adper Prompt L-Pop manifested signifi cantly worse marginal discoloration in comparison with that at 12 months (p = 0.00).
An insignifi cant change in the marginal adaptation was established in the restorations made with the 1-SEA after 6 months, compared to the initial score (p = 0.13). A progressive deterioration in this indicator was observed at 12 months (p = 0.00). There was statistically signifi cant difference between the marginal adaptation after a three-year function of the restorations in comparison with the score of the previous follow-up period (p = 0.00).
In the group of restorations where the 3-E&RA system was used there was a signifi cant change in the marginal discoloration of the restorations only after 36 months, compared to the initial score (p = 0.03). In the intra-group comparison, a more The evaluation of the marginal adaptation of the restorations made with Adper Scotchbond Multi Purpose reveals a signifi cant change in this indicator at 36 months, compared to the baseline (p = 0.02). The restorations with a separate etching step are superior to the restorations with a self-etch adhesive with regard to the adaptation at the cavity margins at 6-month, 12-month and 36-month evaluation (p = 0.25).
DISCUSSION
The most dynamic change was recorded in the evaluation of the marginal discoloration and marginal adaptation that manifested themselves after only six months of functioning. They can be accounted for by the degradation of the adhesive bond that occurs in the fi rst months after restoration.
The adhesive bond degradation in the one-step self-etch systems could be caused by the specifi c etching mechanism, hybridization and the morphology of the interdiffusion zone.
Adper Prompt L-Pop is a single-component adhesive belonging to the group of "aggressive" self-etch systems. 1,2 Enamel and dentin etching occurs under the demineralizing action of the monomers in the adhesive with рН<1. In this way the demineralization pattern of hydroxylapatite comes close to the way of action of phosphoric acid in the systems with separate etching. 5, 6 Some authors do not support this view as they have found a poor etching ability mainly towards the enamel. 4 The present study recorded a change in the marginal discoloration only in the enamel of all evaluated restorations, which is a regular fi nding in other clinical studies on Prompt L-Pop. 7 A disadvantage with this group of adhesive systems ("strong" 1-SEA) is the disability of the monomers to penetrate to the same depth as the depth of demineralization. Thus, a complete threedimensional infi ltration of the collagen fi brils and apatite, partially dissolved and transformed by the adhesive monomers, is not possible. Bonds of different nature have been discussed: in addition to the micromechanical bond between the adhesive and dentin, there could also be chemical bonding between the phosphorus esters and the Ca ions in apatite 2, 4, 8, 9 , which should be a prerequisite for good clinical results.
A characteristic property of the one-step systems is their hydrophilicity. On the one hand, the tolerance of the monomers to moisture in their structure promotes adhesion with dentin in its natural environment, without any need for changing its state of hydration. The monomers possess the same polarity, solubility and surface energy as dentin. Thus, the laws of polymer chemistry for achieving an adhesive bond are satisfi ed. On the other hand, the hydrophilic nature of the adhesive leads to hydrolytic instability, entailing a number of adverse results: dissolution of the incompletely polymerized hydrophilic monomers in the hybrid layer, proven in vivo 1,2 ; reduction of the bonds between the polymer chains, a process known as "plasticization" 1,2 ; enzyme degradation -esterases, products of microorganisms in vivo, catalysis of the degradation of the unpolymerized components from the plastic matrix 4 . Matrix-metalloproteinases produced by the oral fl ora can hydrolyze adhesiveunincorporated collagen fi brils. 10 "Strong" 1-SEA also activate the production of matrix-metalloproteinases from the odontoblasts by their low рН (acidic activation) 3, 10 , where the proteolytic stimulation by the adhesives correlates with their acidity 12 . The high acidity and hydrophilicity of the monomers of the 1-SEA results in inadequate hybridization. 2, 4 The droplets observed in the hybrid layer of the НЕМА-rich self-etch adhesives (such as Adper Prompt L-Pop) are caused by water absorption from dentin through osmosis. This can result in a fragile zone and in easy interfacial fracture. 13 The facilitated movement of ions through the hybrid layer is known as nanoleakage. They are regarded as semi-permeable membranes for diffusion processes. 1, 2 Bond degradation in the self-etch adhesives occurs within relatively short time 2, 3 , which is confi rmed by the results of this study for statistically signifi cant deterioration of marginal discoloration after 6 months (p < 0.05, u = 4.73). The present study found that the marginal adaptation was similar to the results obtained by Bittencourt et al., 2005 14 , who studied Adper Prompt L-Pop, but in class V cavities.
In the evaluation of the restorations with Scotchbond MP, the present results show advantages in relation to the marginal discoloration and adaptation along the cavity margins, as compared to the restorations with Adper Prompt L-Pop. These observations are similar to the results by other authors. [1] [2] [3] [4] The good clinical performance of the restorations with Scotchbond MP can be explained by the different adhesion strategy in this group of systems. The 3-E&RA combine the effect of the demineralization properties of phosphoric acid, the requirement for similarity between the hydrophilic primer and the moist dentin, and the hydrolytic stability of the bond secured by a pH-neutral hydrophobic adhesive. The stability of the bond is guaranteed by the complete incorporation of the collagen fi brils in the hydrophobic monomers of the adhesive, placed in a separate step. In this sense, the three-step ethanol-water-based adhesives are regarded as a "gold standard" for effective adhesion, especially in wide cavity preparation with margins in dentin. 1, 3 The statistically signifi cant difference in the marginal adaptation and marginal discoloration established in the present study after 36 months of function, compared to the initial score, could result from hydrolytic degradation of the bond. Perhaps this is caused by the high molecular weight of the copolymer of the polyalkenoic acid, incorporated in the hybrid layer. 1, 3 There is a description of phase separation of the copolymer, spreading like gel on the surface of the collagen mesh. 13 That could lead to stereometric obstacles to the adequate hybridization and infi ltration only of molecules with molecular weight like HEMA. They polymerize to linear poly(HEMA) chains with included residual aqueous component. Some of the monomers in the adhesive could be unstable towards hydrolysis 15 or open dentin collagen fi brils, unincorporated with resin 10 . In long-term studies in vitro (four years) the adhesive bond with Scotchbond MP is subjected to degradation during thermocycling and storage in an aqueous medium. 1, 3 
CONCLUSIONS
The restorations with Filtek Supreme and Scotchbond MP excel the restorations with Adper Prompt L-Pop with regard to the marginal adaptation and marginal discoloration during 6-, 12-and 36-month evaluations.
